Objective: To assess the coverage effects of California's 2011 Low-Income Health Program (LIHP), enacted as an "early expansion" under the Affordable Care Act (ACA), and to demonstrate the feasibility of using Census data to measure county-level coverage changes.
INTRODUCTION
The Affordable Care Act's (ACA) major coverage expansions are underway. Evidence from several surveys shows large declines in the uninsured rate, particularly in states that expanded Medicaid beginning in 2014 (Carman, Eibner, & Paddock, 2015; Cohen & Martinez, 2014; Shartzer, Long, Karpman, Kenney, & Zuckerman, 2015; B. D. Sommers, Musco, et al., 2014) . However, questions remain on the patterns of enrollment across demographic groups and potential spillover effects on children. Moreover, as coverage expansions under the ACA continue, it will be important to understand differential impacts of these expansions not just between states but also within states.
Several states began to expand coverage for low-income adults under the ACA prior to 2014, using the law's early Medicaid expansion option and/or Section 1115 waiver programs.
Previous research on 2010 Medicaid expansions in Connecticut and the District of Columbia (D.C.) demonstrated significant gains in coverage, particularly for adults with health-related limitations, and heterogeneous impacts on private insurance, with higher levels of crowd-out for young adults but little crowd-out in other groups (B. D. Sommers, Kenney, & Epstein, 2014) .
However, the populations in Connecticut and D.C. offer limited statistical power for subgroup analyses and have small proportions of Latinos, a key demographic group for assessing disparities in coverage (Bustamante & Chen, 2012) . Non-ACA expansions of public coverage have yielded important insights into enrollment behavior, though these studies were also limited to smaller states with fewer minorities, such as Massachusetts, Oregon, and Wisconsin (DeLeire, Dague, Leininger, Voskuil, & Friedsam, 2013; Finkelstein et al., 2012; S. K. Long, Stockley, & Dahlen, 2012) . Finally, none of these studies examined coverage changes at a sub-state level of geography, such as by city or county, which can be useful in identifying areas of uneven gains from the ACA and may also improve ongoing outreach efforts for coverage expansion.
Our objective was to examine county-level patterns of coverage changes following California's early expansion in 2011, called the Low Income Health Program (LIHP). The LIHP was a Medicaid 1115 waiver program that gave counties the option of enrolling low-income adults in coverage that provided access to safety net organizations and other contracted providers (Meng, Cabezas, Roby, Pourat, & Kominski, 2012) . Counties could choose to expand to an income level up to 200% of the federal poverty level (FPL), but most elected to expand only to the ACA's Medicaid cutoff of 133% of FPL or even lower. LIHP -though not technically part of the state's Medi-Cal program -was designed to provide public means-tested health coverage to the population targeted by the ACA's Medicaid expansion. 1 Thus, California's LIHP allows an assessment of the impacts of public insurance expansion on a more diverse population than previously-studied ACA Medicaid expansions (Harbage & King, 2012) , and serves as a valuable test-case of the feasibility of using data from the American Community Survey to track changes in insurance over time at the sub-state level.
METHODS

Study Design
Our study used a differences-in-differences design to compare changes in coverage among counties that participated in the LIHP ("expansion counties") to changes among counties in California that were not expanding coverage via the LIHP during this period ("control counties"). The pre-expansion period was 2008-2010, and the post-expansion period was 2012.
was omitted as a transitional year.
Our analysis used a within-state, county-based control group instead of comparing California to other states for several reasons. First, most other Western states that would be plausible controls for California were undergoing significant Medicaid policy changes shortly before or during our study period. Second, the demographics of other states in the Western Census region are much different for low-income adults; in particular, most of these states have far fewer Latinos. Meanwhile, non-expanding counties within California had more similar demographic patterns and policy environments to the expansion counties.
The expansion group included all California counties that expanded by the end of 2011, and our control group included the counties that had not expanded by the fourth quarter of 2012,
the last year of our study period (Meng et al., 2012) . In total, there were 10 expansion counties and 7 control counties for our main analyses; as mentioned earlier, counties had the option to expand LIHP to an income level up to 200% of FPL, but most elected lower income cutoffs (see Appendix Table 1 for details). Prior to LIHP, parental eligibility for Medi-Cal was set at 106% of FPL. Meanwhile, childless non-disabled adults had generally not been eligible for public coverage outside of a waiver program called the Health Care Coverage Initiative . This program existed in our study's ten expansion counties from 2007-2010, with a total enrollment of just under 150,000 people as of the fourth quarter of 2010 (Kominski et al., 2014) , but was subject to an enrollment cap and was ultimately rolled into the larger LIHP (B.D.
Sommers, Arntson, Kenney, & Epstein, 2013) .
Counties expanding between January and August 2012 were excluded from our primary analysis; this group included 35 of California's less populous rural counties that comprise a consortium called the County Medical Services Program (CMSP). Our study design depends on the assumption that changes in coverage outcomes in the expansion and control counties would have been the same in the absence of the expansion. In support of this assumption, we offer graphical and statistical evidence that pre-expansion trends in coverage were similar between expansion and control counties.
Data and Sample
Our primary data source was the Census Bureau's American Community Survey (ACS).
The ACS is the nation's largest household survey: each year of the public-use data file includes approximately 3 million individuals nationwide and nearly 370,000 people from California alone. Because the ACS began assessing health insurance in 2008 (Davern, Quinn, Kenney, & Blewett, 2009 ), our study period included data from 2008-2012. The ACS provides rich withinstate geographical detail using Public Use Microdata Areas (PUMAs). PUMAs are mutuallyexclusive areas within a state containing at least 100,000 individuals, based on the decennial Census. In the 2012 dataset, PUMAs were redrawn to account for updated information from the 2010 Census, which means that 2008-2011 PUMAs do not map directly to the 2012 PUMAs.
Fortunately, nearly all PUMAs map consistently to the county level within California, with two minor exceptions. One small county (Plumas) was originally combined in a PUMA with another larger county, then shifted in 2012 to a PUMA containing a different larger county. Our primary sample excludes these PUMAs, but a sensitivity analysis (see Appendix Table 1 ) including the PUMAs with Plumas County -which accounted for just 2% of the total sample -found similar results. The 2012 PUMAs also combined San Benito and Monterey Counties, which had previously been in separate PUMAs. Since these two counties enacted expansions at different times, we excluded both from the sample.
Our study population contained 237,876 adults ages 19-64 with family incomes at or below 200% of the FPL. We chose this threshold because several counties expanded eligibility up to this point (Appendix Table 1 ). Family income was calculated as a percentage of FPL for the health insurance unit, which includes an adult, his/her spouse (if present), and any dependent children in the household. We calculated poverty thresholds using the year-specific guidelines from the U.S. Department of Health and Human Services ("Prior HHS Poverty Guidelines and Federal Register References," 2014).
We also tested for any spillover effects on children's Medicaid coverage during this period by evaluating changes in coverage among children in families with incomes at or below 200% FPL. The sample for this analysis included 113,159 children ages 0-18.
Outcomes
We analyzed three coverage outcomes: 1) Medicaid or other means-tested public coverage (which includes coverage through the LIHP); 2) uninsurance; and 3) private health insurance coverage. The ACS question about Medicaid and other low-income public coverage asks if a respondent is covered by, "Medicaid, Medical Assistance, or any kind of governmentassistance plan for those with low incomes or a disability?" While LIHP is technically distinct from Medi-Cal, it is likely that many respondents would not have known the difference, and in any event the ACS question includes both in the same category.
For individuals reporting more than one type of coverage, we used a health insurance hierarchy to assign a primary source of coverage in the following manner: 1) Medicare; 2) Medicaid/means-tested public coverage; 3) Employer-sponsored insurance (ESI); 4) Non-group private insurance; 5) Other insurance; 6) Uninsured. For instance, adults dually eligible for Medicare and Medicaid were treated as having Medicare as their primary coverage, and people reporting both non-group and Medicaid coverage were treated as having Medicaid. In sensitivity analyses, we tested the effect of not using a hierarchy (allowing people to have more than one type of coverage), or using an alternative hierarchy in which ESI preceded Medicaid. 2 For children, Medicaid and ESI both preceded Medicare. 3 In our results below, for brevity, we refer to the combined category of Medicaid/meanstested public coverage outcome as "public coverage." 4
Statistical Analysis
First, we compared the unadjusted percentages for each outcome in expansion and control counties over time. Then, we conducted three multivariable differences-in-differences regressions, in which the dependent variables were -in turn -public coverage, uninsured, or private insurance. We also separately analyzed ESI and non-group private insurance, since the ACS significantly overestimates the latter compared to other data sources (Mach & O'Hara, 2011) ; these results are reported in the Appendix.
Multivariable analyses used the following regression equation for each insurance type:
Equation (1) where i indexes individuals, c counties, and t year. µ is a vector of year fixed effects, and Ω is a vector of county fixed effects. The year fixed effects (µ) capture the direct impact of "Post-2011," and the county fixed effects (Ω) capture the direct impact of "Expansion County"; as such, we omitted the main effects of "Post-2011" and "Expansion County" in our regressions.
The coefficient of interest was β LIHP , which identified the change in coverage associated with the LIHP in expansion counties after subtracting the changes observed in the control counties.
Models replacing the year and county fixed effects with "Post-2011" and "Expansion County" variables produced nearly identical results.
Models adjusted for a vector of economic and demographic factors (X ict ) including age, gender, marital status, parental status, race, ethnicity (Mexican, other Latino, and non-Latino),
English proficiency (speaks English very well, or not), education, citizenship, presence of a noncitizen in the family, income (as a percentage of FPL), employment, and disability (presence of a major health-related limitation assessed in the ACS). For analyses of children, educational attainment referred to the highest attainment of any adult in the family, and non-English proficiency referred to families in which no adult was proficient in English.
We tested for heterogeneous effects of the expansion by stratifying our sample based on race/ethnicity, English proficiency, gender, income, parental status, and self-reported disability.
We also examined Los Angeles County separately from other expansion counties, given its size and unique features.
We used linear probability models for ease of interpretation of the magnitude of coverage changes (Karaca-Mandic, Norton, & Dowd, 2012). We employed robust standard errors clustered at the county-level to account for potential serial auto-correlation within counties (Bertrand, Duflo, & Mullainathan, 2004) . Analyses used the ACS survey weights and were conducted using Stata 12.0.
In sensitivity analyses, we considered several alternative treatment groups: counties expanding to at least 100% FPL; counties expanding to at least 133% FPL; counties expanding eligibility in January 2012; and counties expanding LIHP eligibility before October 2012. We also analyzed a narrower income band corresponding to the ACA's 2014 Medicaid expansion (adults at or below 133% FPL). We assessed the effect of excluding non-citizens with less than 5 years' residence in the U.S., who were generally not eligible for LIHP; as well as the effect of excluding 19-25 year-olds from the sample, since this age group became eligible for parental insurance under the ACA's dependent coverage provision during the study period. Finally, we estimated a model with 2011 included as a post-expansion year since many counties expanded mid-2011.
Using data limited to 2008-2010, we tested the underlying assumption of parallel preexpansion trends in coverage between expansion and control counties (both for the full sample and within each subgroup). We fitted a modified Equation 1, replacing the year fixed effects with a linear time trend and the differences-in-differences estimator with an interaction term between the time trend and Expansion County, which identified any pre-expansion divergence in coverage patterns. In several sensitivity analyses (Table 2) , point estimates for public coverage gains ranged from 1.0 to 2.0 percentage points, with p-values ranging from 0.02 to 0.09. There was no evidence of a significant decline in private insurance in response to the LIHP expansion in any sensitivity analysis. For most subgroups experiencing increased public coverage, we found significant reductions in uninsurance that were similar in size to the public coverage gains and no evidence of significant declines in private insurance. Among Latinos, however, the estimated decline in the uninsured rate was not statistically significant, and point estimates for private coverage were negative though not statistically significant. 5 Analyses considering ESI and non-group private insurance separately revealed little evidence of crowd-out of either type of insurance among groups with significant increases in public coverage (Appendix Table 2 ).
RESULTS
Appendix Table 3 shows potential spillover effects on low-income children, who were already eligible for Medicaid or CHIP prior to 2011. In the full sample of children under 200% FPL in expansion counties, we estimate a 3.2 percentage-point increase in public coverage (p=0.09). We find stronger evidence of an impact on certain subgroups of children -Latinos, children in families with limited English proficiency, and those in expansion counties other than Los Angeles.
Appendix Table 4 shows the results of our comparison of pre-expansion trends for expansion versus control counties. We find little evidence of divergence in these trends prior to 2011, with small non-significant point estimates for the full sample. For all the subgroups we considered, there were no statistically significant divergent trends for public coverage. For the uninsured rate and private insurance, we did detect significant differential trends for certain subgroups -for instance, a pre-expansion relative decline in the uninsured rate among Asians and a relative increase in the uninsured rate for Latinos in expansion counties prior to 2011. The latter finding suggests that, if anything, our analyses might underestimate true gains in coverage for Latinos due to the expansion. Overall, we observed nine coefficients with significant differential trends (p<0.10), compared to the six that would be expected out of 57 analyses simply by chance alone, using an alpha of 0.10. 6 This suggests that the pre-expansion trends in coverage were generally similar for our expansion and control groups.
DISCUSSION
In our analysis of California's Low-Income Health Program, we found a significant 1.8 percentage-point increase in public coverage among low-income adults in the first full year following the expansion, with larger increases found among Latinos and individuals with limited English proficiency. We found a 2 percentage-point decline in the uninsured rate among adults below 200% FPL in expansion counties, compared to control counties. While we did not find a significant decline in uninsurance among Latinos, our analysis of pre-expansion trends in expansion and control counties suggests that we may be underestimating the change in uninsurance for this population after 2011. There was no significant reduction in the percentage of adults with private insurance, suggesting a lack of substantial crowd-out in the population as a whole.
Our general findings show some similarities and some differences with prior studies of expansions in Medicaid and other public coverage. After the Oregon Medicaid lottery, there were few notable differences in take-up rates across racial or ethnic groups, though Latinos were more likely to have their applications denied than whites or blacks (Allen et al., 2010) . In contrast, we found larger increases in public coverage among low-income Latinos following the LIHP expansion in California than among other racial/ethnic groups. Unlike a previous study of early ACA expansions in Connecticut and Washington, D.C., we did not find that coverage increases were greatest among those with disabilities or self-reported health limitations (B. D. Sommers, Kenney, et al., 2014) . These differences indicate the importance of considering distinct state populations and policy environments when identifying groups to target for outreach during coverage expansions.
Despite the increases in public coverage and the associated decreases in uninsurance following the early ACA-related expansion in California, high uninsured rates still prevailed in 2012 among many of the low-income groups targeted by the expansion. Even after the LIHP expansion's first full year, more than half of low-income Latinos and non-English speakers in our sample were uninsured. The extent to which the 2014 Medicaid expansion has closed these large remaining coverage gaps is an important area for future research.
We also found evidence of positive spillover effects on children eligible for Medicaid.
Again, the largest gains in public coverage occurred among Latino families and those with limited English proficiency. Such spillovers from adult expansions may be the result of increasing awareness of Medicaid, outreach to families containing both newly-eligible parents and previously-eligible children, and positive word of mouth in low-income communities. These kinds of spillovers from adult expansions are consistent with previous research on the interplay between public coverage for adults and children's take-up rates (Dubay & Kenney, 2003; B. D. Sommers, 2006) , and indicate that the ACA's Medicaid expansion may improve coverage rates among children even though they were not directly targeted by the expansion.
While the LIHP is a program that has come and gone with the beginning of the ACA's counties, which typically follow county lines to the extent possible, 7 and 31 states have countyto-PUMA ratios less than 2:1 (see Appendix Table 5 ). In short, the ACS is well-suited for analysis of within-state levels of geography, which vary by state and population density: PUMAs map closely to more populous individual counties, or alternatively, combinations of contiguous but less populous counties pooled into a single PUMA. For the LIHP, a county-based analysis was critical; for the ACA more generally, the ideal geographical unit for within-state analysis may be larger or smaller, depending on the state and research objective. population in the state (Harbage & King, 2012) and represented only a limited portion of California's target population for the ACA's 2014 expansion, estimated to be 1.7 million statewide (P. Long & Gruber, 2011) . A previous analysis of LIHP administrative statistics estimated that the 2012 monthly average enrollment in the counties included in our expansion group was roughly 200,000, after excluding those who were already enrolled in Medicaid or in California's pre-existing programs such as the Health Care Coverage Initiative (B. D. Sommers, Kenney, et al., 2014) . This figure is nearly within the 95% confidence interval of our primary estimate (95% CI, 24,000-197,000), though the known undercount of Medicaid in Census surveys may have contributed factor to this difference (Call, Davidson, Davern, & Nyman, 2008) . Furthermore, differences between measurement of income in the ACS and for Medicaid eligibility purposes may also account for some of this gap. Overall, while our point estimate for the public coverage change from the LIHP expansion may be an underestimate due to these factors, our results are within range of the likely enrollment changes and also add important information about changes in the uninsured rate, which cannot be obtained from administrative data. Thus, our findings suggest that the ACS can be used for reasonably precise and valid estimates of within-state changes in coverage, both at the population level and for subgroups that likely could not be studied with alternative surveys containing much smaller sample sizes.
Limitations
Our study has several important limitations. First, the differences-in-differences design assumes that the changes in coverage we observed were due to the LIHP expansion and not some other time-varying factors that were differentially changing for Expansion versus control counties. Since each county was able to select whether to expand and since there were also some baseline differences in demographics across counties, it is possible that changes in unmeasured factors other than the expansion may be driving the observed findings. However, we provided both graphical and statistical evidence that pre-expansion coverage patterns were trending in similar directions among the expansion and control groups. Furthermore, our inclusion of numerous demographic and economic controls such as income and employment decreased the potential for such confounding.
There is also the risk of measurement error in the ACS, related to both income determination for the purposes of estimating Medicaid/LIHP eligibility and type of insurance coverage. As discussed earlier, the ACS may undercount Medicaid enrollment, which could lead to an underestimate of the overall LIHP coverage impact (O'Hara, 2010) . This under-reporting may also vary by subgroup, which could bias our estimates of between-group differences in coverage. It is less likely that many respondents were confused about whether they were uninsured, even if they did not know the specific type of coverage that they had.
In terms of income classification, the ACS measures annual income, while Medicaid eligibility is determined based on monthly income, and incomes change frequently for many low-income households (B. D. Sommers & Rosenbaum, 2011) . If our sample contained some individuals who were in fact not eligible for Medicaid or LIHP based on income, our estimates of coverage gains would be biased towards zero.
Finally, our results only capture the first year of the expansion results and are from a single state that already had a county-based expansion program in effect (the Health Care Coverage Initiative) prior to 2010. Moverover, the LIHP has since been replaced by the full ACA Medicaid expansion since the study period. These factors may limit the generalizability of our conclusions. Previous coverage expansions such as the Children's Health Insurance Program (CHIP) suggest that these policies typically take years longer to reach steady-state (B. D. Sommers et al., 2012) , and the pattern of enrollment across subgroups in subsequent years may differ from what we observed here. Furthermore, while California offers a large and diverse population that in many ways resembles the U.S. population as a whole, state Medicaid programs vary greatly in participation rates and outreach efforts (Kenney, Lynch, Haley, & Huntress, 2012) , and expansions occurring in states without pre-existing waiver programs may experience larger gains than those noted here. As such, it is unclear how directly our findings can be extrapolated to other states.
Conclusion
California's early public coverage expansion under the ACA, which relied on countylevel implementation, produced significant increases in coverage for low-income adults, particularly among Latinos and individuals with limited English proficiency. Our study demonstrates the feasibility of using of the American Community Survey to conduct sub-state analyses of coverage and subgroup analyses, both of which will add valuable detail to future assessments of the ACA's impact on insurance coverage in states and communities across the nation. †Counties that expanded in the first 9 months of 2012 were excluded from the main analysis since we were unable to distinguish the month of the year in the dataset. These counties were included as expansion states in sensitivity analyses. §Monterey expanded in October 2012, but in the 2012 ACS data this county is combined with San Benito, which expanded in January 2012. Giving this, we excluded both counties from our analyses.
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